In 2008 the world's attention was focused on the global food crisis and, as consequence, on the global food security. By mid-2009, commodity prices have dropped sensitively, nevertheless most of them still remain at or above past trend levels. Fluctuations in prices are not rare in agricultural markets where volatility is a common characteristic. Among cereals rice has a strategic importance. It is source of nutrition for more than a half of the world population and of income for about two million of farmers. Even if it is produced and consumed everywhere, production and consumption are concentrated in Asia. Because of its strategic importance, rice is and has been subject to a host of policy interventions that have made it feature among the most distorted of all agricultural commodities. Export policies have typically been applied by net exporting countries and one of the most commonly applied policy measures, adopted by net importing countries, is the removal or reduction of import duties and taxes on food commodities. Various forms of producer support measures were introduced, including input subsidies, output price support and an easing of cropland set-aside requirements. Policies to support consumers and vulnerable groups have included: direct consumer subsidies, tax reductions, distribution from public stocks, price subsidies, public-sector salary increases and social safety net programmes. Selftargeting food-for-work programmes have been put in place by some countries. Although the EU rice trade represents only 0.4 per cent of world trade a common organisation market (COM) for rice was set-up. It is a complex system aiming at maintaining European rice production destined for domestic and external markets. This paper aims to expand the above statements. The objective is to review and compare the policies adopted in Asia and in the EU and assess their impact form the point of sustainability (in a broad sense) with the ultimate aim to advance some interpretations and suggestions in the short and long run, having in mind the variables that affect the supply, the demand and the trade. As a background, the paper first outlines the characteristics of the rice market. Through a regression analysis that could help to understand how the rice price changes. It also considers the policies adopted in Asia and in the EU, highlighting their results on prices from an economic and social point of view. This paper concludes with a number of issues to be borne in mind when interpreting the volatility or rice prices (according to the regression analysis results), the expected policy impact and distortions, and, finally, the "relatively" new strategy: move from food security to selfsufficient food security, one of the long terms goals of the Treaty of Rome (to secure availability of supplies).
Introduction
In 2008, the world's attention was focused on the global food crisis and, as a consequence, on global food security. By mid-2009, commodity prices had dropped substantially; nevertheless, most of these prices still remain at or above past trend levels. Price fluctuations are not rare in agricultural markets where volatility is a common characteristic. The current situation differs however from past experience, given the conjunction of high and/or low prices in all major food and feed commodities. The lessons learnt are that agricultural products are strongly linked one with another and that they are affected by other markets.
Among all cereals, rice holds a strategic importance. It is a source of nutrition for more than half of the world population and it is a major source of income for about two million farmers. Even if it is produced and consumed everywhere, production and consumption are concentrated in Asia (accounting for almost 90 per cent of global production and consumption, with 96 per cent in developing countries). Rice trade is marginal, when compared with other cereals such as wheat and maize. The direction of the small volume of international rice trade is well-established and it is influenced by consolidated ancient traditions. Because of its strategic importance, the rice market is and has been subject to a host of policy measures that have made it feature among the most distorted of all agricultural markets. These measures can be classified into four broad categories: trade, production, consumption and stock policies. Most of these policy measures have however been implemented for limited periods.
Export policies have typically been applied by net exporting countries to enhance supply on the domestic market. One of the most commonly applied policy measure is the removal or reduction of import duties and taxes on food commodities. Various forms of producer support measures were introduced, including input subsidies, output price support and an easing of cropland set-aside requirements. Policies to support consumers and vulnerable groups have included: direct consumer subsidies, tax reductions, distribution from public stocks, price subsidies, public-sector salary increases and social safety net programmes. Self-targeting food-for-work programmes have also been put in place by some countries. Finally, building and releasing public stocks in order to stabilize domestic food prices have been common measures implemented to contain the problem of rising food prices. Although EU rice trade represents only a very small percentage of the world total rice trade, a common organisation market (COM) for rice was set-up. It is a complex system aiming at maintaining European rice production destined for domestic and external markets.
Set in the framework of these broad challenges, this paper aims to review and compare the policies adopted in Asia and in the EU and to assess their impact from the stand-point of sustainability (in a broad sense). The ultimate aim of this paper is to proffer some interpretations and suggestions in the short and long run, bearing in mind the variables that affect supply, demand and trade.
As a background, the paper first outlines the characteristics of the rice market 1 . It also considers the policies adopted in Asia and in the EU, highlighting their results on prices from an economic and social point of view. With the help of a regression analysis that is intended at clarifying how rice price changes, and using data from various sources such as the FAO (population), the US Department of Agriculture (USDA for production quantity, harvested area, yield, ending stock and import export), the World Bank (GDP), Bloomberg (future markets), the EIA (Energy Information Administration) (biofuel production and consumption) and Index Mundi (prices of barley, corn, rice, wheat), the paper analyses the forces governing the trends in rice consumption and production. This paper concludes with a number of issues to be borne in mind when 1 I n o u r d a t a a n a l y s i s w e s e l e c t e d T h a i w h i t e r i c e ' 5 % B r o k e n ' , w h i c h i s w e l l k n o w n i n i n t e r n a t i o n a l m a r k e t s .
interpreting the results on the volatility of rice prices (according to the regression analysis results), the expected policy impact and distortions, and, finally, the "relatively" new strategies: a move from "food security" to "self-sufficient food security" at the level of each country, as once laid down in the goals of the Common Agricultural Policy in Europe (CAP).
The rice market
The 2008 world rice crisis, although quite coincident with the general food crisis, has to be analysed in a separate way. In fact, the two crises are coincident but the price formation process for rice has several dimensions that distinguish it from other cereal staples such as corn, wheat and barley. Supply in the rice sector as well as in the agricultural sector is characterised by the biological nature of the production process (rice production is highly connected to climate risks such as monsoons in Asia), by the time lag between production (it is possible to obtain from one to four harvests per year) and consumption and by the law of diminishing returns (because of limited land).
The supply determinants are: cost of productions (energy and fertilisers, even if in some environment fertiliser are not utilised, but yields are low), profitability of alternative products (rice is an arable culture so many alternative cultures can substitute for it, if more convenient), existing levels of stocks, public policy (public intervention is very high in the rice sector). Since farmers are price takers, the production decisions are based on expected prices (usually referring to the price existing at this moment).
However, the factors that affect the market price of rice are complex and widely debated and analysed in terms of their impact on poorer consumers and farmers. Some authors conclude that the most important factor of the rapid recent rise in food prices and, as a consequence, in rice prices, is the large increase in biofuel production (Mitchell, 2008; Kutas et al, 2007; IFRI, 2008) . Others identify speculation as a source of increasing agricultural commodity prices in 2007 (Robles et al 2009 Timmer, 2009; Pace et al, 2008) . Although the relative importance of the different explanatory variables vary across studies, these analyses tend to agree with the broad conclusion that behind the rapid increase (and then decrease) in food prices, there are several factors at play.
Rice is the third largest produced cereal in the world after corn and wheat (Graph 2). Its production is strongly concentrated in Western and Eastern Asia, representing more than 90 per cent of the world total 2 . More than 2 thousand varieties of rice are cultivated in the world (Khush and Toenniessen, 1991) , implying that the market is characterised by a high degree of product differentiation. B a n g l a d e s h 2 2 , 5 5 6 4 . . 8 2 6 , 7 7 8 5 . 2 2 6 , 3 9 9 4 . 8 3 7 , 6 2 8 6 . 3 3 9 , 7 9 6 6 . 3 4 6 , 9 0 5 6 . 8 C h i n a 1 7 1 , 3 1 9 3 6 . 6 1 9 1 , 6 1 5 3 7 . 0 1 8 7 , 2 9 8 3 4 . As can be seen in table 1, China and India are two major rice producers in Asia (and in the world) with a combined production reaching more than 341 billion tons (roughly 50 per cent of the total world production) in
2008. The four main world producers are located in Asia because rice production is well-suited to countries and regions with low labour costs and high rainfall as it is labour-intensive to cultivate and it requires ample water.
During the period 1985-2009, the harvested area increased from 144.7 to 152.5 thousands ha and productivity rose from 3.23 to 4.27 tons/h. At the time of writing, no large scale production of genetically modified rice is taking place and technology studies focus on processes able at economising water, hypoallergenic products, and vitamin A rice (kwon as Golden Rice).
Graph 3 -Productivity trends, tons/ha (1985-2009)
Source: USDA, Washington.
Even if the productivity curve as well as the production curve are constantly increasing, production and productivity growth rates have not been homogeneous in our selected country group (Graph 3 and Graph 4).
Over the 1985-2009 period, production surged by 108 per cent in Bangladesh (Table 2) , while in China it increased only by 12 per cent; in both India and Indonesia the rise is equal to 54 per cent. Referring to productivity, the highest value is observed in China (the main consumer country), the lowest in Thailand (the main exporting country). Bangladesh, the main importing country, occupies an in-between position. Large margins to improve rice productivity therefore exist. 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 From an industry linkages view point, the major rice users are: food and processing industry (pasta, bread, beer, liquor) and, in a smaller quantity, the pharmaceutical industry.
With regard to population, more than half of the world's population depends on rice as a staple food. More specifically, rice is a major food staple (small price and income substitution effects) and a mainstay for the rural population and their food security. It is mainly cultivated by small farmers in little holdings. Rice is also a salary commodity for workers in the cash crop or non-agricultural sectors. This dilemma of low prices for poor consumers and high prices for poor farmers has inspired conflicting policy objectives, with policy-makers intervening to save farmers when prices drop, or to defend consumer purchasing power when there are 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 Although rice is today marginally traded on international markets, when compared with wheat and corn, it has been subject to protectionist trading practices for quite some time. B a n g l a d e s h 2 0 , 0 3 7 5 . 2 2 5 , 6 3 9 6 . 0 2 7 , 5 3 5 6 . 1 3 2 , 2 3 9 6 . 6 3 5 , 8 1 7 7 . 0 3 7 , 7 7 6 7 . 2 C h i n a 1 3 8 , 9 4 3 3 5 . 8 1 4 5 , 2 7 6 3 3 . 9 1 4 5 , 1 7 2 3 2 . 1 1 5 2 , 9 7 1 3 1 . T h a i l a n d Most of these policy measures were implemented for limited periods of time. To these different categories we now turn, focusing first on the case of Asian countries.
Trade-related measures
On the export side, policies include export taxes and/or subsidies, and export bans and other quantitative restrictions. They have usually been applied by net exporting countries to enhance supply on their domestic market 3 . Examples of recent export policie s in the rice market encompass the ban by India, -the world's third-largest rice exporter-, of exports of non-basmati rice, and the restriction of basmati rice supplies. China eliminated rebates on value added taxes on rice exports (and on wheat, corn and soybeans) and imposed an export tax on a series of grains and products. Bangladesh, Cambodia, Indonesia and Viet Nam all banned exports of rice.
On the import side, the elimination or reduction of import duties and taxes on food commodities is one of the most commonly applied policy measures, and it is typically adopted by net importing countries. This measure has a strong impact on poorer people, because of their commodity consumption patterns. Thus, the reduction in taxes is progressive relative to income as poorer people tend to spend a larger share of their income on food. A number of countries (including the EU) reduced or eliminated food tariffs or taxes.
Production policies
A number of producer support measures were introduced such as increasing domestic prices (output price support), input subsidies, and an easing of cropland set-aside requirements aimed at promoting an expansion in production. These policies are generally expensive and the impact on 
Consumption policies
Policies to support consumers and vulnerable groups include the following: direct consumer subsidies; tax reductions; distribution from public stocks; price subsidies; public-sector salary increases; and social safety-net programmes.
Direct consumer subsidies and social safety-net programmes
Self-targeting food-for-work programmes have been put in place by countries such as Bangladesh, Cambodia and India, while Bangladesh and Cambodia have distributed emergency food aid. School feeding programmes have been implemented in China. Countries such as Indonesia, Mongolia, and the Philippines have sold food at subsidized prices to targeted groups of households.
Stock policies
A buffer stock scheme is an attempt at stabilising prices in an entire economy or, more commonly, an individual (commodity) market.
Specifically, commodities are bought and stored when there is a surplus, stored, and then sold from these stores, when there are shortages. In a context of closed domestic markets, depending on buying and selling behaviour, stock policies may stabilize or destabilize domestic prices.
Bangladesh, China, India, Indonesia, and Pakistan all released food from public stocks to lessen price increases and offered targeted and untargeted subsidies for staple food.
The intervention is the awareness of the unbalance prevailing on the European rice market. As shown in Table 6 , EU consumption has by far outstripped EU production. over the years. 
Pricing in the rice market
In order to analyze all the variables that may have some power in explaining price changes in the rice market, a regression analysis is used by combining high frequency data spanning over the period January 1999 to December 2009.
In our regression analysis (OLS, Ordinary Least Squares method), the dependent variable is the logarithmic of rice price 7 . Since the increase in the price of rice may have different implications in the short-run and in the long-run 8 at both the farm and macroeconomic levels (economic and social), we need to distinguish between them. Our analysis will nevertheless focus on the results in the long-run only 9 .
In the equation, we insert a dummy variable ( 
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The variables with potential explanatory power are: population, rice production, rice exports (as a percentage of total production), the dollareuro exchange rate, ending stocks, the GDP of two groups of countries, namely developing countries -where rice is seen as having a strategic importance -, and developed countries where this is not the case, and biofuels.
The results of our regression analysis show that futures markets 10 , biofuels, population, ending stocks and other cereals prices are not significant independent variables in the long run (table 7) . The variables that were statistically insignificant have been eliminated from the analysis.
This leaves the following variables for the first period, by order of significance: developing country GDP with a positive relationship, developed country GDP (GDP_DEV) with a negative relationship and the incidence of export rice on total rice production (RICE_EXPRATE); in the second period, the following variables are statistically significant: the dollar-euro exchange rate (EXRATE) and the developing countries' GDP (GDP_LDC), both with a positive relationship. 
em a r k: T he dum my ( 1-DU M) ref e rs t o t he firs t p e riod a nd t he dumm y DU M t o t he se c on d . T hus , f o r ex am pl e, t he c oe ff ic ien t o f t he d um m y va ria ble s ( 1-DU M) is the int e rc ept o f t he f irst pe riod; t he c oef f ic ient of DU M is t he int e rce pt of t he sec ond p e riod)
The results of the adjusted R-squared show that more than 95 per cent of the variation of rice prices is explained by the regression analysis and that this model has therefore a rather large explicative power.
Graph 5 shows the structural break in the long-run rice price curve, with strong price increases (right-hand scale in log form) from 2007 leading to strong policies from that time. The sign of the coefficients of developed countries' GDP (GDP_DEV, in the first period, is negative, implying an inverse relationship existing between these variables and rice price changes (an expected result in the case of the relationship between price and exports/production). The inverse relationship between the GDP of developed countries and the price of rice translates the inferior status and non strategic role of rice in the basket of a typical household from these countries. This is in sharp contrast with the situation in developing countries where the relationship between price and GDP is positive and the most statistically significant of all (for both the first and second periods). This result confirms the strategic importance of rice in these countries and it justifies the implementation of policies that protect the end consumer from erratic price increases. The US dollar -euro exchange rate also has a positive and significant relationship with price, in the second period, reflecting the relatively weakening dollar over the period under analysis. Finally, the negative relationship between rice price and exports/production, in the second period, is a signal of more international close markets, as expected.
Concluding remarks
The 2008 food crisis was a prelude to the current economic crisis, and the rice sector was not sheltered from these world imbalances. The rise of food prices was without precedent; it was highest in the cereals sector and it increased strongly the number of undernourished people. In the case of corn and wheat, a number of factors are established as being responsible for price increases, in different proportions and weights, such as speculation and biofuel production.
The rice market is the most protected cereals market in the world because of its relevance as a staple food and as an income resource for poor farmers in developing countries. This leads to a dilemma in terms of public policies adopted in the past and in the last period under review in this article, i.e. 1999 to 2009.
Our analysis underlines that improvements in rice productivity are possible, but, also, that production still surpassed consumption at the world level.
Nevertheless, with production being concentrated in Asia, the situation is made complicated by the fact that some countries are chronically importers, while others are exporters. The common factor is the high consumption per capita and its high emotional, cultural and historical connections.
The main producers' countries show different levels of productivity. The highest value is observed in China, and the lowest in Thailand, the latter being also the most important exporter country. However, the increase of productivity could pose some relevant environmental issues (due to limited resources of land and water).
Our regression analysis underlines that the main independent variables explaining rice price changes are developing countries' income, public policies, the US$-euro exchange rate and the share of trade in total production.
Developing countries' GDP is the most statistically significant variable of all implying that rice is not only a staple food but a symbolic food item that is essential in the eyes of Asian people.
If we compare some selected public policies adopted in Asian countries with those of the EU, we can observe that the objective of the EU rice regime is ultimately to guarantee a sufficient income to farmers, without any particular attention being devoted either to consumers or to less developed countries. In the analysed Asian countries, the public instruments refer mainly to trade measures (export bans) often finalised with the aim of maintaining and protecting domestic prices, which are generally higher than those prevailing at world level. Vulnerable people have generally been protected with food help programmes.
The fear that rice can be produced cheaply in other parts of the world where better and sophisticated technologies or a cheaper work force could affect production costs, and that therefore foreign rice could be sold at a cheaper level, is the premise of all public interventions. Usually, protectionism can be looked as bringing advantages in the short run, whenever the successful implementation of policies can quickly lessen price volatility, but it is undoubtedly negative in the long run. Agricultural trade is still an important element of world trade, and revenues from agricultural protectionism play a significant role. This is confirmed also in our regression analysis were a negative relationship links rice prices and the incidence of exports on total production.
